INTRODUCTION
The Heavy Metals program of the U.S. Geological Survey requires large numbers of gold analyses and an amilytical capability to determine gold in very small amounts. Several rapid methods for gold determination that have been developed recently (Lakin and Nakagawa, 1965; Huffman and others, 1967; Thompson and others, 1968) have proved to be very use-;ful for reconnaissance-type sampling of most areas (Erickson and others, 1966; Gott and McCarthy, 1966) . However, these methods, which use samples weighing only 2-15 grams, are inadequate for the determination of the gold content of potential placer deposits because of the erratic distribution of particulate gold in these materials (Antweiler and Love, 1967; Clifton and others, 1967) . Analysis of a larger sample (100 g) permits a more accurate determination of the gold content of such material. The 100-g sample also gives a detection limit for gold of 0.005 ppm (part per million), lower than that of the earlier methods, which have a detection limit of 0.02 ppm or more.
With the recent development of atomic:-absorption spectrophotometry the measurement of gold has become simple and routine. Methods of sample dissolution vary. In a method described by Thompson, Nakagawa, Sickle (1968) a mixture of hydrobromic acid and bromine is used to solubilize the go 1 d. The gold is then extracted into methyl isobutyl ketone (MIBK), and the gold concentration is determined by atomic-absorption spectrophotometry. Shima (1953) described a method of lf'aching gold from large samples ( 100-500 g) with a mixture of bromine and ethyl ether and estimating the gold colorimetrically with dithizone.
The method which is proposed her~, and which is a combination and modification of these two methods, results in a simple, r~liable, sensitive, and low-cost analysis for go 1 d in a large sample. The gold is dissolved by a 1nixture of bromine and ethyl ether and is extracted into MIBK; the gold concentration is then determined by atomic absorption.
We wish to acknowledge the help anc, advice of C. E. Thompson ~-tg/ml X ( ml MIBK + ml ethyl ether) 100
PREPARATION OF STANDARDS
Add respectively 5, 25, 50, and 100 1-tg of gold to four 100-ml volumetric flasks containing 25 ml 1.5 N HBr. Add 50 ml MIBK and shake the flask for 1 minute. These MIBK folutions contain 0.1, 0.5, 1.0, and 2.0 1-tg per 1nl gold.
DISCUSSION OF PROCEDURE
In the roasting (step 1), organic carbon and sulfides should be completely oxicized. During the sample digestion (step 2), the capped glass jar must fill with brown vapors of bromine. The absence of bromine vapors indicates incomplete oxidation in step 1. An excess of bromine is required to ensure the solution of gold in the sample.
The 5 ml of ethyl ether originally added to the sample (step 2) dissolves in the MIBK and thus, for the calculation of the result, the volume of ethyl ether used in step 2 must be added to the volume of MIBK (step 3) used in the extraction.
The effectiveness of bromine ard ethyl ether for the solution of gold is illustrated by the following experiments, which sl'~W that the solution rate is a function of the gold particle size. Three pieces of gold weighing a total of 69.4 milligrams (the largest piece was about 2 mm long and 1 mm in diameter) were placed in a 6-oz jar with 100 g of fine quartz sand. One ml bromine and 5 ml ethyl ether were added. The jar was capped, shaken, and allowed to stand for 1 hour. The gold pieces were then recovered and weighed; they were found to weigh 68.3 mg-a loss of 1.1 mg. The above procedure was repeated, and the pieces weighed after overnight digestion. By this time 32.2 mg had dissolved. Gold leaf, however, dissolves instantaneously in these reagents.
PRECISION AND ACCURACY
The repeatability of the method was determined on four -100 mesh samples-three of phonolite breccia and one of gold-and monazitebearing sand (table 1) . The repeatability as measured by the relative standard deviation may be a function of the homogeneity of the samples. Pulverizing the -100 mesh sample in a ball mill for at least 1 hour would result in more uniform dispersal of the gold.
The gold content of 13 samples of oxidized low-grade ore and two samples of sulfide ore from North Carolina has been determined by the atomic-absorption method in combination with four methods of sample solution (table 2) : (1) Fire assay and aqu~ regia, (2) cyanide, (3) hydrobromic acid-bromine, and ( 4) bromine-ether as described here. The fire-assay method gives slightly higher gold content in materials containing less than 1 ppm than the bromine-ether procedure. Otherwise the agreement between the various methods is acceptable. The method presented here is certainly not a replacement for the standard fire assay for gold; however, the simplicity, sensitivity, and lower cost of the method are distinct advantages.
We have emphasized the 100-g sample, but with a few modifications in the procedure and the equipment a much larger sample could be handled. The problems of grinding, roasting, extracting, and waste disposal by using a sample much larger than the suggested 100-g size increase exponentially with the sample size. Therefore, this method is a compromise b~tween the need for analysis of larger samples and the ability to do larger numbers of samples easily.
A method for routine analysis of samples as large as 1000 g has been developed by tho. Office of Marine Geology and Hydrology of th~ U.S. Geological Survey (H. E. Clifton, writte:n commun, March 1968).
